INTRODUCTION
Evapotranspiration (ET) is an important component of the hydrological cycle, and the record or estimation of it is invaluable in unraveling the aerodynamic and radiative drivers of the hydrological cycle (Roderick et al. ) . The changes in ET are of great interest for water resources planning, irrigation control and agricultural production (Goyal ; Sabziparvar et al. ) . Two different aspects of ET have been distinguished: potential evapotranspiration (PET) and actual evapotranspiration (AET). AET, the quantity of water that is actually removed from a surface due to the processes of evaporation and transpiration, is more useful in indicating the effects of climate change and human activity. However, it is often difficult to quantify as it not only requires expensive instrumentation and demands tedious installation and maintenance procedures (Senay et al. ) , but is also affected by the interdependence and the spatial and temporal variability of affecting factors such as solar radiation, air temperature, humidity, wind speed (WS), crop type, variety and environmental conditions (Gervais et al. ; Tabari et al. ) . Therefore, PET, a maximum value of ET for a saturated surface assuming no control on the water supply, is more commonly used, which is relatively easy to calculate using local meteorological parameters. As an alternative, reference evapotranspiration (ET o ), the ET rate from a hypothetical grass reference crop with specific characteristics, not short of water, is recommended due to its unambiguous definition Irrigation is the largest water user in the basin. In agricultural regions that rely on irrigation, investigating the variations of ET is critical not only for managers implementing water-efficient irrigation practices, but also for offering information for regional hydrological processes. In this study, we mainly focus on: (1) estimating ET o using the Penman-Monteith (PM) method at annual and seasonal temporal scales over 10 stations in Heihe River basin; (2) investigating the trends and quantifying the magnitude of temporal trends in ET o using the Mann-Kendall (MK) nonparametric test; (3) quantifying the trends in meteorological variables using a linear regression model; and (4) identifying the contributions of trends in meteorological variables to the trends in ET o using a detrending method over the study area.
STUDY AREA AND DATA
Heihe River basin is the second largest inland river basin in China with a length of 821 km and an area of 142,900 km 2 .
From the Qilian mountains to the Yingluoxia hydrological station (denoted as H1 station in Figure 1 . The PM method is physically based and explicitly incorporates both physiological and aerodynamic parameters and will be employed in this study:
where ET o is the reference evapotranspiration (mm day 
Temporal trends
The MK test (Mann ; Kendall ; Li et al. ;
Caloiero et al. ), one of the popular nonparametric methods for trend analysis, will be used herein. The MK test statistic S is given as follows:
where x j is the data value at time j, n is the length of the dataset and sgn(z) is equal to þ1, 0, À 1, if z is greater than, equal to, or less than zero, respectively. For n > 10, the test statistic
approximately follows a standard normal distribution, in
, the null hypothesis of no autocorrelation and trend in dataset is rejected, in which Z (1À α/2) is corresponding to the normal distribution with α being the significance level. If the data has a trend, the magnitude of trend can be denoted by trend slope β:
Detrending method 
where gt is the fitted trend at time t,â andb are the estimated regression constant and the estimated regression coefficient, respectively. Once the trend line has been fitted to the data, one of the options for removing the trend is subtracting the value of the trend line from the original data, that is:
where y t is the detrended time series. To avoid the negative values for meteorological variables (e.g. WS, RH and SH), instead of y t ¼ x t À gt, the detrended dataset is currently defined as
where x 1 corresponds to the first value of the original time series. After removing the trends in meteorological variables (e.g. WS), the ET o will be recalculated using the detrended data series (detrended WS dataset) with the other three original meteorological variables (original T max , T min and RH datasets without detrending), then compared with the original ET o . The difference between them is regarded as the contribution of the trend by that variable (Xu et al. a; Liu et al. ) . In order to quantify the contribution, an evaluating indicator R is constructed: 
RESULTS AND ANALYSIS Estimations of ET o over the study area
The four seasons of the study area are defined as: spring 
Temporal trends in meteorological variables
In order to indentify the contributions of trends in meteoro- Linear trends in meteorological variables in spring, autumn and winter seasons for L2 station are shown in Table 4 . As shown, WS, RH and SH at this station show decreasing (Table 3) .
It implies that, the increasing temperature cannot give a satisfactory explanation to the decreasing ET o at this station due to the complicated interaction of many other influencing factors involved, which also has been proved in many previous studies and over many arid areas (e.g. (Table 3 ) could be explained largely by the decreasing trends in WS (Table 4 ). The WS in winter also presents a decreasing trend although with the smallest decline magnitude compared with those in the other seasons (Table 4) , while ET o in winter shows an opposite increasing trend (Table 3 ) which can be explained by not only WS, but also T max and T min dominating the trend in winter ET o for this station. This conclusion also can be drawn from Table 5 (great values of R for not only WS, but T max and T min ). These results are consistent with the findings from many previous studies carried out in arid or semi-arid regions. Tabari et al. () found that in arid and semiarid regions of Iran, the increasing trend of ET o was In summer and autumn, T max and RH contributed more to the trends in ET o for the upper reach, while WS contributed most for the middle and lower reaches.
In winter, more meteorological variables including WS, 
